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Horses can harbor a large amount of parasites that may cause serious clinical signs even death. The aim
of this study was to evaluate the predatory activity of the fungus Duddingtonia ﬂagrans against infective
larvae (L3) of gastrointestinal nematodes of horses in fecal culture. The experimental design was
completely randomized with three treated groups (G1, G2 and G3) and one control (CG), using eight
animals/group. The treated animals received G1: 1.5  105; G2: 3  105 and G3: 6  105 chlamydospores
of D. ﬂagrans/kg body weight during 21 days. The fungi preparation was given at every other three-day
interval. Faecal samples were collected during 30 days, on the same interval, to perform the fecal egg
counts (EPG) and fecal culture for each horse. All groups demonstrated similar results for the EPG
(P > 0.05) counts. D. ﬂagrans signiﬁcantly reduced (P < 0.05) the number of infective larvae after 72 h-
interval between treatments. The G2 and G3 promoted higher results (P < 0.05) of L3 reduction
compared to the CG. The biological control with the predacious fungi D. ﬂagrans is still a promising free-
living parasite regulator alternative to be use in livestock.
© 2015 Elsevier Inc. All rights reserved.rasitarias, Universidade Fed-
35-050, Curitiba, PR, Brazil.
i).1. Introduction
The cyathostomins have been recognized as one of the most
important and prevalent parasites of horses worldwide (Love et al.,
1999; Kaplan; Vidyashankar, 2012; Lester et al., 2013), mainly in
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can cause severe economic and productive losses with direct con-
sequences on the clinical aspects. Love et al. (1999) and Quinelato
et al. (2008) pointed out the possible growth delay, anemia,
weight loss, intestinal disorders, fulminant episodes of colic, and
even death of the animals as the main direct causes.
As so, parasite control is essential to any good health manage-
ment program in small and large production systems. To achieve
this objective, commercial anthelmintics are largely used as the
only strategy, mainly because of its convenience, ease of purchase,
its low cost and a good margin of safety (Molento, 2005). However
the usage of such products has occurred indiscriminately and
without the association of any other appropriate control strategies,
accelerating the selection of resistant populations (Peregrine et al.,
2014). Currently, multidrug resistant parasite occurs against most
anthelmintic classes (Canever et al., 2013).
The use of biological control has been considered as a viable
alternative for the reduction of free-living parasite stages. The main
objective is to reduce a given parasite population using a natural
antagonist available on the environment whose action would focus
on attacking the intermediate hosts, vectors or the free-living larval
stages (Braga and Araújo, 2014).
Despite of the numerous agents with potential biological control
of helminths, studies with nematophagous fungi have demon-
strated great interest (Araújo et al., 2004) both in vitro and in nat-
ural conditions (Larsen et al., 1992, 1995; Paz-Silva et al., 2011;
Sagües et al., 2011). Duddingtonia ﬂagrans is the species of nem-
atophagous fungimost studied and stands out with a good ability to
produce large amounts of chlamydospores that are the reproduc-
tive structures. The fungi have a thick wall, which confers high
environmental tolerance. Once ingested, it will pass through the
gastrointestinal tract of the animals and would remain viable when
eliminated in the feces, colonizing the dung shortly after its
deposition on the soil (Larsen, 1999; Braga and Araújo, 2014). In the
feces, fungal growth is stimulated by the contact with the infective
larvae and also by free-living nematodes (Paz-Silva et al., 2011).
The action of the nematophagous fungi are limited to the faecal
environment and directed to the capture and death of the larval
stages of parasites and free-living nematodes (Castro et al., 2003;
Paraud et al., 2012). Therefore, D. ﬂagrans may be used in order to
reduce the presence of infective larvae on pasture and hence it mayReduction % ¼ ðAverage of L3 from control group Average of L3 from treated groupÞ
Average of L3 from control group
 100promote a parasite control by reducing reinfection rate (Mota et al.,
2003). This method may be included as part of an integrated
management parasite control program in horses, reducing the
dependence of anthelmintics and the selection for parasite
resistance.
Thus, the objective of this study was to determine the predatory
activity of D. ﬂagrans against infective larvae of gastrointestinal
nematodes of horses in fecal cultures in vitro after passage through
the gastrointestinal tract of the animals.
2. Materials and methods
2.1. Fungal isolate
The study used the Brazilian isolate of D. ﬂagrans, CG 768,
maintained and processed in the Laboratory of Cell and TissueBiology at the North Fluminense State University, in Campos de
Goytacazes, State of Rio de Janeiro. Ground corn was used to pro-
mote the growth of the fungi (23e27 C) in the absence of light for
21 days. Following that, the material was dried at 35 C where
samples of 10 g were taken. The samples were homogenized with
100 ml of distilled water each and were ﬁltered to perform the
counting of chlamydospores per gram of ground corn using a
Neubauer chamber.
2.2. In vivo experiment
The in vivo studywas conducted at the Regiment of theMounted
Police of Curitiba, State of Parana, from February to March 2013,
totaling 30 days. Thirty-two mix-breed adult horses, male and fe-
male, naturally infected with cyathostomins were kept in individ-
ual stalls throughout the experimental period.
The study designwas completely randomizedwith three treated
groups (G1, G2 and G3) and a control group (CG) with eight ani-
mals/each. The horses were divided into the groups based on the
fecal egg counts (EPG) performed one day e 1. The average initial
EPG for CG; G1; G2; G3 was 800; 672; 503; and 706; respectively.
Treated animals received G1: 1,5 105; G2: 3 105 and G3: 6 105
chlamydospores of D. ﬂagrans/kg body weight, during 21 days with
administrations at three-day interval. Faecal samples were
collected individually during 30 days, on three-day interval, to
perform EPG and fecal culture for each horse. The treated groups
received the fungus associated with corn mixed with 300 g of oat
grain and the control group received only oat. Treatments were
administered in between 07:00 to 08:00 AM.
2.3. Laboratory analyzes
EPG was performed according to Gordon and Whitlock (1939)
using 26 ml of saturated NaCl solution (1.200 g/l) and 4 g of feces.
Stool cultures were performed according to Roberts and O'Sullivan
(1950) for each horse at every evaluation. The recovered L3 from
each sample were quantiﬁed in triplicate and expressed as average
of L3 per gram of feces for each evaluation and treatment. The
percentage of larval reduction after treatment for each evaluation
day was calculated according to Mendoza-de-Gives et al. (1999).2.4. Ethical standards
The study was carried out under the Protocol number 032/2013
of the Animal Use Ethical Committee of the Agricultural Sciences
Campus of the Federal University of Parana, Brazil. All sampling
protocols were chosen to minimize animal stress and suffering.
2.5. Statistical analysis
The EPG and L3 were submitted to the Lilliefors normality test.
As normality was not proven, so we applied the non-parametric
KruskaleWallis test to evaluate signiﬁcant differences among the
groups (CG; G1; G2; G3) in each evaluation. The Friedman test was
performed to evaluate differences considering the average of the
Fig. 1. Number of infective larvae obtained from faecal culture of horses after treatment with Duddingtonia ﬂagrans during 21 days. CG: control group; G1: 1,5  105; G2: 3  105;
G3: 6  105 chlamydospores of Duddingtonia ﬂagrans/kg body weight. Different letters superscript in the legend indicates signiﬁcant differences (P ¼ 0.00002) among the groups by
the ChieSquare test.
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Core Team 2013).
3. Results
3.1. Laboratory analyzes
Horses from all groups showed similar EPGs (P > 0.05) during
the evaluations. Concerning the L3 count to each evaluation, all
treated groups showed similar (P > 0.05) results (Fig. 1). However,
when analyzed the average of the total evaluations, G2 and G3 had
a lower (P < 0.05) number of infective larvae compared to CG, while
G1 did not differed (P > 0.05) from the CG. After repeated admin-
istration (every 72 h), only G2 and G3 were effective in promoting a
signiﬁcant larvae reduction (P < 0.05).
Considering the percentage of larval reduction (Table 1), G1 had
a larval reduction of 27.04e94.01%, G2 from 12.24 to 83.87%, on day
D3 and D24, respectively. The G3 revealed the best results with
reductions from 37.24 to 98.62% for the same days.
4. Discussion
Although we did not observe the reduction on the EPG on the
treated groups, a few long-term studies have reported positive
results for the EPG. Braga et al. (2009) observed a signiﬁcant
reduction of EPG in horses after the administration of D. ﬂagrans
every 15 days, during six months. The result was assigned as sec-
ondary to the predatory activity of the fungus, promoted by the
reduction of L3 on pasture and consequently, decreasing the rate of
reinfection. Tavela et al. (2011) evaluated the use of Mon-
acrosporium thaumasium administered to horses twice a week for
six months, when the EPG of the treated groups differed (P < 0.01)Table 1
Percentage of reduction of infective larvae from faecal cultures of horses after treatment
Treatment days
Gr D3 D6 D9 D12 D15
G3* 37.24 93.22 95.01 88.73 77.11
G2* 12.24 80.04 91.51 89.05 89.64
G1 27.04 88.95 67.39 98.53 85.06
G1: 1.5  105; G2: 3  105; G3: 6  105 chlamydospores of Duddingtonia ﬂagrans per kg/from the control group.
According to the dosages evaluated, the isolate CG 768 of D.
ﬂagrans administered every 72 h at 1.5  105 chlamydospores/kg/
BW (G1) proved limiting to a signiﬁcant reduction of L3 in fecal
cultures, while the dosages of 3  105 (G2) and 6  105 (G3)
chlamydospores were highly effective. Almeida et al. (2012)
assessed D. ﬂagrans at a dose of 106 chlamydospores/kg/BM,
administered daily to horses for ﬁvemonths and found that only on
the ﬁfth month of the study there was a signiﬁcant L3 reduction on
the fecal culture of the treated group. This data highlights that the
dose administered to the animals is an extremely important factor
to be evaluated, but it may be adjusted according to the isolate
employed.
The establishment of a correct interval between treatments is
another point to be considered and may be crucial to the effec-
tiveness of any biological control strategy. In this study, the CG 768
isolated from D. ﬂagrans reveal to be excreted in the feces at 144 h
after oral administration, until when it had effect on the reduction
of L3. Assis and Araújo (2003) and Araujo et al. (2010) reported that
chlamydospores of D. ﬂagrans were eliminated in the faeces of
horses for 12e72 h after ingestion. Tavela et al. (2013) reported that
the co-administration of sodium alginate pellets containing D. ﬂa-
grans andM. thaumasium followed the same pattern of elimination.
Some studies have also related the efﬁcacy of D. ﬂagrans after
daily administrations. Madeira de Carvalho et al. (2007) used D.
ﬂagrans daily at 5  105 chlamydospores/kg/BW in horses, report-
ing a larval reduction of 62e72%. Larsen et al. (1995) reported a
reduction of L3 between 90 and 99% compared to a control group
using a higher daily dose (5  106 and 5  107 chlamydospores/kg/
BW). Fernandez et al. (1997, 1999) observed a larval reduction of
99.7 and 99.6% at dosages of 106 and 5  106 chlamydospores/kg/
BW, respectively using daily treatments. Tavela et al. (2013) testedwith Duddingtonia ﬂagrans, compared with the Control group.
Without treatment
D18 D21 D24 D27 D30
93.05 97.13 98.62 78.26 0
98.30 84.67 83.87 86.66 62.77
86.02 92.91 94.01 84.35 0
body weight. Asterisk (*) indicates signiﬁcant effect (P < 0.05) by the Friedman test.
A. Buzatti et al. / Experimental Parasitology 159 (2015) 1e44the association of D. ﬂagrans and M. thaumasium on the L3 reduc-
tion of cyathostomes on a single dose, showing a signiﬁcant dif-
ference (P < 0.05) from the control group.
According to the present data, we determined a longer interval
as an effective alternative to the daily treatment of the animals, as
in most cases animals are maintained on pasture (extensive man-
agement) with no possibility to receive the daily fungi treatment.
To add into that when the fungi is exposed to the environment its
growth is stimulated by the contact with an increasing number of
L3 and also by the presence of free-living nematodes (Mota et al.,
2003). Thus, the biological control performed with D. ﬂagrans
stands out as a promising and sustainable alternative for parasite
control. We understand that any biological control strategy should
be considered as an auxiliary method for parasite control, pro-
moting the reduction of L3 on pasture and consequently the rate of
infection of the animals.
5. Conclusions
This study demonstrates that within a 72 h-interval between
treatments of horses, D. ﬂagrans, isolate GC 768, signiﬁcantly
reduced the number of L3 obtained from faecal culture.
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